Purpose: Health care databases may be a valuable source for epidemiological research in obesity, if diagnoses are valid. We examined the validity and completeness of International Classification of Diseases, 10th revision [ICD-10] diagnosis coding for overweight/obesity in Danish hospitals. Patients and methods: We linked data from the Danish National Patient Registry on patients with a hospital diagnosis code of overweight/obesity (ICD-10 code E66) with computerized height and weight measurements made during hospital contacts in the Central Denmark Region Clinical Information System. We computed the positive predictive value (PPV) of the IDC-10 diagnosis of overweight/obesity, using a documented body mass index (BMI) ≥25 kg/m 2 as gold standard. We also examined the completeness of obesity/overweight diagnosis coding among all patients recorded with BMI ≥25 kg/m 2 . Results: Of all 19,672 patients registered with a first diagnosis code of overweight/obesity in the National Patient Registry, 17,351 patients (88.2%) had any BMI measurement recorded in the Central Denmark Region Clinical Information System, and 17,240 patients (87.6%) had a BMI ≥25 kg/m 2 , yielding a PPV of 87.6% (95% CI: 87.2-88.1). The PPV was slightly higher for primary diagnosis codes of overweight/obesity: 94.1% (95% CI: 93.3-94.8) than for secondary diagnosis codes: 86.1% (95% CI: 85.6-86.6). The PPV increased with higher patient age: from 75.3% (95% CI: 73.8-76.9) in those aged 18-29 years to 94.7% (95% CI: 92.6-96.9) in patients aged 80 years and above. Completeness of obesity/overweight diagnosis coding among patients recorded with BMI ≥25 kg/m 2 was only 10.9% (95% CI: 10.8-11.0). Conclusion: Our findings indicate a high validity of the ICD-10 code E66 for overweight/ obesity when recorded; however, completeness of coding was low. Nonetheless, ICD-10 discharge codes may be a suitable source of data on overweight/obesity for epidemiological research.
Introduction
Obesity is a globally increasing health problem and a risk factor for major diseases including diabetes, 1 cardiovascular disease, 2 cancer, 3, 4 and premature death. [5] [6] [7] [8] [9] Obesity may also influence the clinical course of many medical diseases. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Therefore, valid data on obesity are important in many epidemiological studies of risk and prognosis.
Hospital diagnosis codes for overweight and obesity exist in the ICD, 4 and the prevalence of hospital contacts with diagnoses of overweight/obesity has increased in Denmark during the past decades. 21, 22 Use of hospital discharge registries can be a valuable and cost-effective source for epidemiological research in obesity, if diagnoses are valid. More than 20 years ago, Wolk et al validated the use of the ICD, version 8, diagnosis code for obesity (ICD-8 code 277) in the Swedish National Patient Register. 3 They found a positive predictive value (PPV) of obesity diagnosis of 85% among women and 95% among men, when compared with the patients' medical charts as gold standard. 3 In the newer ICD-10 coding classification system, the diagnosis code for obesity (ICD-10 code E66) contains several subtypes, ranging from overweight (E660A) to morbid obesity (E660G and E660H). In the United Kingdom, Nicholson et al reported a high validity of overweight and overweight diagnosis codes, registered by general practitioners. 23 On the other hand, not all patients with overweight/obesity may have information on BMI documented in their Electronic Health Record. 24 To our knowledge, despite its potential importance, the ICD-10 hospital diagnosis of obesity has never been validated in a population-based health care system. 25 We therefore examined the PPV of ICD-10 overweight and obesity diagnoses in the population-based Danish National Patient Registry (DNRP), using computerized BMI measurements from individual-level hospital contacts in the Central Denmark Region Clinical Information System (CDRCIS) as the reference. Second, we examined the completeness of overweight/obesity diagnosis coding among patients with a BMI measurement ≥25 kg/m 2 .
Materials and methods

Setting and data sources
The Danish National Board of Health and the five Danish administrative Regions provide unrestricted tax-supported health care to all 5.81 million Danish residents, including hospital care. 26 The Central Denmark Region has a mixed rural and urban population of approximately 1.32 million persons. This Region has five hospitals, of which one is a university hospital and four are regional hospitals. The Danish Civil Registration System assigns a unique, central personal registration number (CPR number) to each resident, either at birth or upon immigration, which allows unambiguous individual-level linkage of health registries. 26 The DNPR provides information on all non-psychiatric contacts at any hospital in Denmark. 25 All inpatient hospital admissions have been tracked since 1977 and all visits at hospital outpatient clinics and emergency rooms have been recorded since 1995. All contacts are coded by treating physicians according to the ICD-10 system since 1994 and before that according to the ICD-8 (1977 ICD-8 ( -1993 . The DNPR compiles data on hospital, department, admission and discharge dates, one primary (first-listed) and up to 19 secondary diagnosis codes, and type of admission (elective inpatient/acute inpatient/outpatient). 25 In recent years, for all hospitals in the Central Denmark Region, information on patients' height, weight, and selected lifestyle risk factors have been registered in the computerized CDRCIS. At each individual patient contact with any hospitaleither during an inpatient hospitalization course or at a hospital outpatient clinic visitnurses or physicians can obtain data on height, weight and/or BMI through patient interview and examination, and then electronically record these data in the CDRCIS together with the contact date and the patient's unique CPR number. 22 
Overweight and obesity diagnosis codes
For our validation study, we first identified all unique persons with one or more inpatient or outpatient hospital contacts at any hospital in the Central Denmark Region, 2012-2015 (n=755,656), using the DNPR (Figure 1 , flow chart). Among these persons, we then identified those who had at least one primary or secondary ICD-10 discharge diagnosis code E66 (overweight or obesity) between 2012 and 2015. If persons had more than one diagnosis date with E66 coded during 2012-2015, we included the most recent registered E66 diagnosis date only. Furthermore, we examined subgroups within the E66 diagnosis code category, based on the most recent registered code 2012-2015: E660A: overweight, BMI 25-29.9 kg/m 2 , E660B: obesity, BMI 30-34.9 kg/m 2 , E660C: severe obesity, BMI 35-39.9 kg/m 2 , E660E: morbid obesity, BMI 40-44.9 kg/m 2 , E660F: morbid obesity, BMI 45-49.9 kg/m 2 , E660G: super obesity, BMI 50-54.9 kg/m 2 , E660H: super obesity, BMI ≥55 kg/m 2 ( Table 1 ).
Validation of diagnoses by BMI
We used the CPR-number to link individual-level diagnosis data from the DNPR (overweight/obesity diagnosis codes and dates) with time-stamped height/weight/BMI data from the CDRCIS. For each patient with an overweight/obesity diagnosis code during 2012-2015, we assessed the presence of any records of height, weight and/or BMI in the CDRCIS during 2011-2016, to allow for 1 year of early or delayed electronic BMI recordings, respectively.
We calculated BMI from any registered height (during the whole study period, assuming stable height) and weight measurements registered in the CDRCIS. If a calculated BMI value was present for a patient in the CDRCIS, we used that value. We used a BMI ≥25 kg/m 2 as gold standard and classified patients with a BMI ≥25 kg/m 2 as having overweight or obesity in our main analysis, since both overweight and obesity are included in the E66 diagnosis code category and since some of the E66 subcategories include both conditions (E668: other overweight or obesity and E669: overweight not classified elsewhere).
Completeness of overweight/obesity coding among patients with a BMI measurement ≥25 kg/m 2 Second, we focused on all patients with a BMI measurement in the CDRCIS, identifying all patients with a BMI measurement ≥25 kg/m 2 2012-2015 as our starting point (N=234,878, Figure 1 , flow chart). From the DNPR we thereafter identified any overweight/obesity diagnosis code given at any Danish hospital, including nationwide DNPR data in the period 2011-2016.
Due to structural changes in the Region's health care system some hospitals were in the CDRCIS electronic data catchment area during the first years of study, 2011-2013, but not in the whole study period. BMI results from these hospitals were included in the analyses of false negative results, but not in the main analyses. 27 
Statistical analyses
The PPV was defined as the proportion of patients registered with an obesity diagnosis in the DNPR that was confirmed by a record of measured BMI ≥25 kg/m 2 , 2011-2016 (gold standard). We also performed a sensitivity analysis including only BMI measurements 1 year before/after the overweight/obesity diagnosis code. The numerator was a confirmed BMI ≥25 kg/m 2 in the CDRCIS, and the denominator was the number of patients with an overweight/obesity code in the DNPR. The 95% CIs were calculated using Jeffrey´s method. 28 Persons with an overweight/obesity diagnosis code may lack a confirmatory BMI ≥25 kg/m 2 value, either when BMI was not measured and/or electronically documented ("missing BMI"), or when a BMI value was documented but was <25 kg/m 2 ("BMI value not overweight/obese"). Our analysis was a "worst case analysis", counting both persons with missing BMI and persons with BMI value not overweight/obese in the "overweight/obesity not confirmed" category (some overweight/obese patients likely had a BMI ≥25 kg/m 2 measured in clinical care, which was just not entered into the electronic system for various reasons). We stratified the PPV analysis by sex, age, admission type (acute inpatient admission/elective inpatient admission/hospital outpatient clinic visit), primary versus secondary diagnosis code, department type (medical, surgical, emergency, gynecological and obstetric, or any other department), and by hospital. In a secondary analysis, we assessed the completeness of E66 coding among patients with a BMI≥25 kg/m 2 in the CDRCIS. Here, the numerator was the number of patients with an overweight/obesity code in the DNPR, and the denominator was a confirmed BMI ≥25 kg/m 2 in the CDRCIS. Finally, we used multivariate logistic regression to examine predictors of diagnosis coding of overweight/obesity, using age group 18-29 years, female gender, hospital contact in the first year 2012, and residency in the Central Denmark Region as reference groups, expressed as odds ratios and adjusted odds ratios (aOR).
The study was approved by the Danish Data Protection Agency (Record Number KEA-2016-051-000001, 401). According to Danish legislation, purely registry-based studies do not require separate approval from the Danish Scientific Ethics Committee. All analyses were conducted using SAS statistical software (version 9.3).
Results
In total, we identified 19,672 patients who had one or more hospital contacts with an E66 overweight/obesity diagnosis code between 2012 and 2015. Among these, 17,351 patients (88.2%) had at least one measurement of BMI recorded 2011-2016 (main analysis). A total of 17,240 (87.6%) had a BMI ≥25 kg/m 2 , corresponding to an overall PPV for overweight/obesity of 87.6% (95% CI: 87.2-88.1) ( Table 3 ). The following results are reported for BMI measurements available during the whole study period ( Table 2) ; corresponding data for ±1 year BMI values only are shown in Table 3 .
The PPV was higher among men: 93.6% (95% CI: 92.9-94.3) than women: 85.9% (95% CI: 85.3-86.4), and the PPV increased with increasing patient age: it was 75.3% (95% CI: 73.8-76.9) in those aged 18-29 years versus 94.7 (95% CI: 92.6-96.9) in patients aged 80 years and above ( 
Diagnosis subtype
The PPV for the presence of any overweight/obesity generally increased with increasing obesity category, up to a PPV of 97.6% (95% CI: 96.3-99.0) for patients coded with an E660F: morbid obesity diagnosis code. We found the highest proportion of missing BMIs among patient with a code for E660H: super obesity: 18.1% ( Table 2) .
Admission type
For acutely admitted patients, the PPV was 89.6 (95% CI: 88.2-91.0). For patients with an elective admission, the PPV was 94.0 (95% CI: 93.0-94.9), and for patients with a hospital outpatient clinic contact, the PPV was 86.4 (95% CI: 85.8-86.9).
Completeness of coding
In total, 234,878 patients had a BMI ≥25 kg/m 2 registered in the CDRCIS, but only 25,619 had an overweight/obesity 
Discussion
To our knowledge, this is the first general hospital-based study validating hospital diagnosis codes for overweight and obesity in the ICD-10 system. We took advantage of a computerized clinical information system and found a high overall PPV indicating high validity of ICD-10 codes for overweight or obesity when compared to medical records of clinical weight/height or BMI measurements. This applied both to primary and secondary diagnosis codes of overweight/obesity. False positive diagnoses usually related to total absence of any available BMI records in the information system; when BMI values were available, they were almost always of correct value, ie, ≥25 kg/m 2 . On the other hand, completeness of ICD-10 diagnosis coding was low among patients with hospital documented BMI ≥25 kg/m 2 . Our findings suggest that the use of overweight/obesity diagnosis codes in hospital diagnosis registries has a great potential in future epidemiological studies, when several considerations are taken into account. Due to the uniform structure of the Danish health care system, our results can be assumed generalizable within Denmark, as we examined hospitals including the whole Central Denmark Region.
Our findings of a high validity of overweight/obesity diagnosis codes corroborate previous results of Wolk et al and Nicholson et al. 3, 23 Barriers may be present among health care professionals, leading to avoidance of measuring BMI in some patients and underreporting of obesity. 29 Although large weight changes may sometimes occur within months, eg, associated with severe illness, bariatric surgery, or strict diet, most people take years to obtain substantial changes in their body weight. 30 In accordance, we found a high validity of overweight/obesity diagnoses, even when the assessment period for BMI values was extended to several years before and after the diagnosis.
Our results of a clearly higher PPV among men than women correspond to the findings of Wolk et al. 3 Possibly, high body weight is a taboo to a higher degree among women than men. 31 We speculate that health care professionals might have a lower propensity of weighing their female versus male patients and document their BMI, either due to their own or patient barriers; however, we have not been able to identify any studies on this topic. On the other hand, both Nicholson et al 23 and we found that both the overall frequency of BMI measurements, and the related completeness of overweight/obesity diagnosis coding in those with increased BMI, was much higher among women than men. This may be related to the Danish pregnancy care program, by which it is mandatory to measure women's BMI during their pregnancy and report their habitual weight before pregnancy. 32 Finally, in the DNPR, three of four contacts are registered for women, thus the gender difference in the amount of overweight/ obesity diagnosis codes in our study may reflect the overall contact pattern regarding gender differences.
Among patients with super obesity ICD-10 diagnostic categories corresponding to BMI ≥55 kg/m 2 , we found decreasing PPVs due to missing BMI measurements in the CDRCIS. We suspect this may be due to everyday practical problems, as some hospital scales have a maximum weight which unable patients within the super-obese category to use them. In contrast, among patients with a BMI between 45.0 and 49.9 kg/m 2 , completeness was high, which to some extent may be explained by the fact that patients within this BMI range may be candidates for bariatric surgery, augmenting focus on exact BMI measurements. 33 The PPV was also slightly higher for patients who were admitted acutely than those who were seen in hospital outpatient clinics. In the outpatient clinic, patients may have been followed for several years. If patients had their BMI measured early in their outpatient course, ie, before our data catchment period started in 2011, we did not have their BMI records available in the CDRCIS, whereas diagnosis codes of overweight/obesity may have been transferred to new contacts in the outpatient course after 2011.
In contrast to their rather high validity, we found large underreporting of overweight/obesity diagnoses, with only one of ten patients with BMI ≥25 kg/m 2 actually receiving this diagnosis code. Obesity per se is rarely a primary cause of hospital admission, although it may be an important contributing factor to many acute admissions, eg, with cardiovascular events, gastrointestinal diseases, infections, etc. 22 This likely explains much of the underreporting, as doctors are usually focused on principle (first-listed) diagnoses, ie, on the primary cause of admission when registering codes. Secondary listed diagnosis codes usually do not play a major role in government reimbursement of hospitals. Furthermore, BMI measurement is often performed by a nurse on the admission day, while diagnosis coding in Denmark is done by a doctor at the time of discharge, disconnecting in time the two registrations. In US primary care, Baer et al reported an overall completeness of any BMI registration of 66% in the Electronic Health Record, 24 clearly higher than in our hospitalbased setting. Patients are likely to consult their general practitioner with different issues than hospital specialist physicians, including more lifestyle issues. Baer et al also examined the completeness of overweight and obesity diagnostic coding among those with BMI ≥25 kg/m 2 and found values of 17-30% in primary care, higher than our estimate of 10%. As in our study, female gender and younger age predicted higher completeness. Future epidemiological studies drawing on patients with ICD-10 overweight/obesity codes should take into account that included patients may be more likely to be young and female, as compared with the typical hospitalized patients with obesity.
A number of limitations have to be considered when interpreting our study results. Over 4 years, approximately one-third of Central Denmark's population (1.32 million) experienced any hospital contact, and one of six got a BMI measurement recorded in the hospital system. Overall, our 34 Thus, the proportion of patients with BMI ≥25 kg/m 2 in the CDRCIS is similar to that of the general population, which makes it plausible to extrapolate the data to other Danish hospitals. In comparison, Sogaard et al reported that only 0.8% of all hospitalized patients in Denmark received an overweight/obesity diagnosis in the period 1999-2012. 21 Thus, we experience an increasing use of overweight/obesity diagnosis codes over time.
We drew on electronic data from the CDRCIS, and did not retrieve any possible handwritten/manually available BMI measurements/charts that may not have been correctly computerized and reported in the CDRCIS, possibly underestimating the true PPV of the diagnoses. Furthermore, some patients may have had their BMI measured outside the hospital prior to admission, eg, at their general practitioner, and a hospital diagnosis of overweight/obesity may have been given based on such primary care BMI data, which we could not identify. Finally, we do not know to which extent our study findings are representative for other hospital systems outside Denmark, where both prevalence of overweight and obesity and diagnostic and coding strategies may be different.
Conclusion
This large hospital-based study provides evidence for a high validity of the ICD-10 code E66 for overweight or obesity, when compared with actual clinical weight and height measurements in computerized medical records in Denmark. Although the completeness of overweight/obesity coding among people with documented BMI ≥25 kg/m 2 in hospitals is low, discharge codes for overweight/obesity may be a suitable data source for epidemiological research.
